Abstract
grasslands more at night. Our assessment of the effect of patch size on selection of forest 1 habitat revealed that panthers were not solely reliant on large patches (> 500 ha) but 2 utilized patches of all sizes (≤ 1 ha, > 5-10 ha, > 1000 ha, etc.). Our results emphasize the 3 importance of collecting panther location data throughout the diel period when assessing 4 habitat selection. Conservation strategies for panthers should consider a mosaic of 5 habitats, a methodology that will protect other sensitive flora and fauna in South Florida. 6
Introduction

11
Loss of habitat remains the greatest threat to many wildlife species, especially those that 12 are endangered and reliant upon large parcels of wildlands. Habitat loss results in 13 population declines, and smaller populations are less likely to persevere (Mills, 2007) . 14 The fragmentation of wildlands that follows habitat loss can significantly affect species 15 that are wide ranging and exhibit low densities and low fecundity (e.g., large carnivores). 16 Therefore, the preservation of sufficient habitat to ensure the survival and promote the 17 recovery of endangered carnivores, such as the Florida panther (Puma concolor coryi), 18 requires that conservation planning be based on knowledge of habitat selection. 19 Furthermore, decisions related to panther habitat selection will affect many other species 20 across ecosystems, given the scale at which panthers range across the landscape. 21 Several studies have delineated habitat use by panthers (Belden et al., 1988 . Each of these studies highlighted the importance of forested 24 within a heterogeneous matrix of forest-patch sizes that affords improved habitat for prey 1 and hunting opportunities for predators (Kautz et al., 2006) . 2
Methods
3
Study Area 4
South Florida has a subtropical climate, is topographically flat, and is characterized by 5 extensive permanent and ephemeral wetlands influenced by seasonal rains from May 6 through October (Duever et al., 1986) . Wildland habitats include hardwood hammocks, 7 cypress forests, pine flatwoods, freshwater marshes, prairies, and grasslands (Davis, 8 1943) ; lands used by humans include citrus, croplands, pastureland, rock mining, and 9
areas of low-and high-density residential development. Our study area encompassed a 10 large portion of the range of the breeding population of panthers in South Florida. This 11 population exists within wildlands bordered by the urban areas of Miami- Fort 12 Lauderdale to the east, Fort Myers-Naples to the west, the Caloosahatchee River to the 13 north, and Florida Bay to the south (Fig. 1) . One male panther (FP130) that had 14 previously dispersed north of the Caloosahatchee River and established a definitive home 15 range was fitted with a GPS collar for this study and monitored outside the breeding 16 range until his collar failed. 17 Our capture efforts focused not only on the core population (panthers inhabiting 18 large parcels of protected public lands important to the demographic stability of the 19 population) in southwestern Florida (comprising portions of Big Cypress National 20
Preserve north of I-75, Florida Panther National Wildlife Refuge, and Fakahatchee Strand 21
Preserve State Park), but also on panthers residing in Everglades National Park and on 22 public and private lands bordering the edges of the Florida panther primary zone (South  23 1 al., 2006) in the northern and western extent of its range (Fig. 1) . These areas are vital to 2 panther conservation for several reasons. First, panthers in Everglades National Park are 3 somewhat isolated from the core population in southwestern Florida due to the 4 semipermeable barrier posed by the Shark River Slough (Fig. 1) . Second, habitat use in 5
Everglades National Park is concentrated in upland areas, adjacent to the urban fringe of 6 south Miami and Homestead. Third, habitat along the northern and western edges of the 7 primary zone is being encroached upon by urban development. were not available (Fig. 1) . Thus, we focused on the use of habitat by panthers in areas 14 affected by habitat loss rather than unaffected areas. 15
Capture, GPS collaring, data compilation, and estimation of home range 16 We used trained hounds and houndsmen supplied by Livestock Protection Company 17 (Alpine, Texas) to capture independent-age Florida panthers. We deployed five models of 18 GPS collars produced by four manufacturers ( between animal locations and the nearest pixel of each land-cover class (i.e., habitat use) 23 to the distance between random points plotted within the 100% MCP home range and the 1 nearest pixel of each land-cover class (i.e., habitat availability). We generated 20,000 2 random points in a uniform distribution within each home range after testing a range of 3 points (1000 to 30,000) to assess when the variance of the mean distance in each land-4 cover class began to stabilize (Moyer, McCown & Oli, 2008) . Distances between points 5 and land-cover classes were determined using the Euclidean distance tool in the Spatial 6 Analyst extension in ArcGIS 9.3 and via the intersect points option in Hawth's Tools 7 . 8
A vector of six distance ratios was created for each panther by dividing the mean 9 distance of its locations from each land-cover class by the mean distance of random 10 points to each land-cover class (i.e., one distance ratio per land-cover class). A distance 11 ratio > 1 indicates avoidance (i.e., the mean distance from a panther's location to a land-12 cover class is greater than the mean distance from random points within the home range 13 to the same land-cover class), whereas a distance ratio < 1 indicates selection. The 14 expected value for these ratios under the null hypothesis of no selection is 1, and we used 15 MANOVA (PROC GLM) to test whether panthers were exhibiting habitat selection. A 16 significant MANOVA test result indicates nonrandom use of land-cover classes as the 17 mean distance vector differs from 1. We subsequently tested for selection or avoidance of 18 individual habitats using univariate t-tests; paired t-tests were used to rank habitats by 19 preference. We also tested the fixed effects of sex, season, and time of day. For seasonal 20 and time-of-day analyses, the individual animal ID was included in the model as a 21 random effect to account for data collected at both levels (wet or dry season; day or 22 night) for each animal. A significant MANOVA test result for each fixed effect indicates 23 a difference in land-cover use between the categories (female or male; wet or dry season; 1 day or night). In the event of a significant fixed effect, we reviewed the GLM results to 2 assess differences in selection between levels of fixed effects (e.g., night vs. day) within 3 each land-cover class. 4 We assessed whether panthers were located closer to or farther from forest 5 patches of different sizes using an EDA. We used ArcGIS 9.3 to create a forest-patch 6 layer that combined upland and wetland forest layers with three additional land-cover 7
classes (melaleuca [Melaleuca quinquenervia] and Australian pine [Casuarina sp.], 8
invasive exotic trees established in South Florida; mangrove swamps, which are typically 9 inundated) included in the "other" habitat category (see supplementary materials Table  10 S1). Panthers have been documented within those habitats via field sign and VHF 11 telemetry data, although they used them infrequently. To encompass a range of sizes, we 12 qualified seven patch-size classes (0.1-1 ha, 1.1-5 ha, 5.1-10 ha, 10.1-100 ha, 100.1-13 500 ha, 500.1-1000 ha, and > 1000 ha). Statistical analyses were as described for the 14 habitat analysis. We also determined the distance of panther locations in unforested 15 habitat from the nearest forest patch to descriptively quantify the prevalence of those 16 data. Finally, we used a Kolmogorov-Smirnov two-sample distribution test (PROC 17 NPAR1WAY) to test whether the frequency distribution of locations within 11 distance-18 from-forest groups differed between daytime and night. All statistical tests were 19 completed in SAS 9.1 (SAS Institute, Cary, NC, USA) and the EDA used code adapted 20 from Conner and Plowman (2001). 21
Results
22
We collared 20 independent-aged (i.e., ≥ 1.5 years old) panthers (10 females, 10 males) 1 between February 2005 and February 2009 (Table 1 ). Age at capture ranged from 1.5 to 2 13.3 years, and mean time collared was 306 days (range = 113-610 days). We collected 3 58,212 locations over 79,147 attempts (74% fix success rate). Successful fixes included a 4 nearly even ratio of night:day fixes (53%:47%). The ratio of wet:dry season fixes was 5 uneven (37%:63%) because all panthers were initially collared during the dry season 6 when field conditions were favorable for capture. This uneven ratio may have affected 7 our assessment of the impact of season on habitat selection. 8
Panthers exhibited habitat selection at the third-order level (F 6,13 = 25.31, P < 9 0.001). Panthers selected upland forest, wetland forest, marsh-shrub-swamp, and prairie-10 grassland habitats (Table 2) . Agricultural and the "other" land-cover classes were used in 11 proportion to their availability; no class was avoided. Habitat selection did not vary by 12 main effects of sex (F 6,13 = 2.30, P = 0.099) or season (F 6,12 = 2.46, P = 0.087), but it did 13 vary by time of day (F 6,14 = 15.27, P < 0.001). Panthers used wetland forests more during 14 the day than night, but they used prairie grasslands more at night (Fig. 2) . Use of the 15 remaining selected land-cover classes (upland forests and marsh-shrub-swamp) did not 16 differ significantly between night and day ( Fig. 2) . Even though the "other" land-cover 17 class was used in proportion to its availability, panthers used areas near or in the "other" 18
class significantly more at night than during the day (Fig. 2) . (Table 3 ). All other patch sizes were used in proportion to availability. 22
Pairwise comparisons to rank forest-patch size revealed no significant differences, 23 probably because all forest-to-patch-size ratios were < 1, demonstrating that panthers 1 tend to be closer to forest patches than farther from them (ratio > 1). Nevertheless, 41.0% 2 (23,850) of locations were outside of forest patches and 28.2% of those were > 90 m from 3 a forest patch. The frequency of locations within 11 distance-from-forest categories was 4 distributed differently between night and day (KSa = 4.30, P <0.0001; Fig. 3 ). Overall, 5
24.6% and 30.8% of fixes > 90 m from forests were made during the day and night, 6
respectively. 7 said to rest during much of the diurnal period, we documented movements throughout the 21 diel period with sightings, motion-activated cameras, and via GPS data collected using 22 frequent acquisition rates (e.g., hourly or every 15 minutes). Collecting data from 23 individual panthers across the diel period provides the most complete characterization of 1 habitat use by panthers and forgoes the need to qualify conclusions related to VHF data 2 collected at morning locations or to model nighttime habitat selection based on daytime 3 locations (Comiskey et al., 2002) . 4 As expected, panthers were located closer to forested habitats during the day than 5 at night, although night and daytime use was significantly different only in wetland 6 forests (Fig. 2) . Forested habitats are likely to provide panthers with respite from the 7 tropical South Florida climate, which can be extreme (> 35° C, 95% humidity) at some 8 times of day. We predicted that panthers would use open habitats more frequently during 9 the nocturnal period as opposed to during the day. Indeed, selection for prairie-grasslands 10 was significantly greater during the nocturnal period than during the diurnal period. 11
Marsh-shrub-swamps were not selected differently during the two time-of-day classes. 12 We attribute the increased use of prairie-grasslands by panthers at night to optimization 13 of predation opportunities and facilitation of movements across the landscape, activities 14 that predators may carry out more covertly during darkness than in light. Dickson et al. 15 (2005) were located either in preferred land-cover classes or within 90 m of them. These classes 7 included hardwood hammocks, hardwood swamps, and cypress swamps (synonymous 8 with land-cover classes that comprised our forest-patch landscape class). In our study, 9
28.2% of panther locations were > 90 m from our forest patch land-cover class. The most 10 likely explanations for the difference in the results between these studies are that (1) we 11 collected data throughout the diel period and (2) increase the probability that panthers will occupy land-cover in South Florida. Such 5 diverse landscapes may provide suitable prey (white-tailed deer and feral hogs) while 6 providing more edge and therefore more opportunities to hunt successfully. 7
Conclusions
8
The selection by panthers of open habitats that include marsh-shrub-swamps and 9
prairie-grasslands was a novel finding that may have ramifications on how resource-10 management agencies attempt to preserve, rehabilitate, and purchase habitat for panthers. Fix schedules programmed into GPS collars varied, but all were programmed to attempt 7 fixes throughout the diel period via either a frequent-or staggered-fix schedule. On a 8 frequent-fix schedule, fixes were attempted, e.g., hourly or every 4 hours; on a staggered-9 fix schedule, attempts were made, e.g., every 7 hours, which, over 5 days, results in 1 fix 10 attempt in every hour of a 24-hr diel period. Followit Tellus-GSM collars sent locations 11 via e-mail when panthers were within range of a GSM (Global System for Mobile 12 Communications) mobile telephone tower. Most data obtained with these GSM collars 13
were collected either every two hours or hourly. 14 Habitat analyses 15 16 We used GPS locations to estimate each panther's home range with 100% minimum 17 convex polygons (MCP, Fig. S1 ) in ArcGIS 9.3 using Hawth's Tools . We 18 used MCP estimates because they were deemed more reliable than kernel density 19 estimators in assessing habitat availability for each panther. In a study of habitat use, as 20 noted by , excluding areas used by panthers-as would have occurred 21
had we implemented a fixed-kernel home-range estimator-is more problematic than 22 including areas not used by panthers. Also, for the African lion (Panthera leo), Hemson 23 et al. (2005) noted that estimates of home ranges using kernel-density estimators with 24 least-squares cross validation could be unreliable when applied to large GPS data sets. 25
We believe our GPS data for the Florida panther would have been similarly affected by 26 these issues if we had implemented a fixed-kernel technique. Additionally, we used MCP 27 
